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Abstract 
A significant share of total manufactured workpieces, obtained in the metal forming processes, are workpieces with a developed 
«thin» blanket and the ribs. Mathematical model, describing the deformation of a thin layer of metal, based on «sand analogy». 
Due to a number of assumptions, this model gives an approximate picture of the metal flow. It is very convenient for 
constructing a visual picture of the flow of metal when it is necessary to obtain not quantitative and qualitative characteristics of 
the process. For the simulation of plastic forming of workpiece has developed a software complex PARSHTAMP, using «sand 
analogy». It allows to represent: the contour of forging, the dividing line of metal flow, the pattern of the metal flow, the profile 
of the ribs, the spatial diagram of contact stresses.  
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1. Introduction 
 
Currently, for the development and optimization of the technology and tools for metallurgical and machine-
building enterprises around the world software complexes, designed for the simulation of metal forming processes 
are widely used and play a leading role. 
All of CAE-systems for simulation of metal forming processes can be divided into three groups: widely-
oriented (Ansys, SuperForge, Forge, Abaqus, Deform), special (Qform, Splen) and specialized [1]. 
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Widely-oriented CAE-systems can simulate almost all of metal forming processes, ranging from a simple 
crimping or upsetting, finishing deformation of multilayer material or explosion stamping, considering heat 
treatment, phase transformations and microstructural analysis of steels and non-ferrous alloys. Some of them are 
focused on solving the most complex and demanding nonlinear problems, as well as to conduct multidisciplinary 
static and dynamic analysis within a single algorithm. 
Special software complexes allow to simulate the whole technological process, including preparatory and 
intermediate operations: heating, cooling, burr cutting, hole punching and directly metal deformation in the hot, 
cold and warm condition. These software complexes, unlike widely-orientated have a more limited application. 
Specialized software complexes are focused on simulation one or two of metal forming processes (for example, 
producing forged pieces in the processes massive stamping and forging). To such presented in this paper software 
can be attributed. 
The advantages of widely-oriented and special software complexes are: breadth of tasks; sufficiently high 
accuracy of the results, which is provided mainly by taking account many factors (temperature, rheology, material, 
etc.); friendly, convenient and simple interface. 
 
2. Problems of software complex development 
 
Considered in this paper specialized software complexes for calculating parameters of the processes massive 
forming and forging and simulation of plastic form changing flat workpieces has the following advantages: low 
performance requirements of computer equipment, a high speed calculations; accelerated input initial information; 
quick and easy user training of staff. Providing these advantages software complexes is achieved by simplifying 
mathematical model and bringing the initial system of differential equations to the analytical dependences. As a 
consequence, there is a significant relief software implementation of calculation algorithm, but narrowing of the 
range of tasks. However, where express analysis and fast (albeit approximate) evaluation of the plastic form 
changing the workpiece are required, such program can be an invaluable assistant. 
Thus, the aim of the research is to create a simple to learn and operative to use software complexes for the 
simulation of plastic form changing metal in processes of massive forming and forging, capable to serve as an 
intelligent assistant to constructor and technologist. It should be borne in mind that the area of application of the 
considered here models in recent years rapidly expands: to "traditional" aircraft and rocket production automotive 
industry [2], car building and others join. 
 
3. Mathematical model and calculation algorithm 
 
In the processes of metal forming significant proportion flat forging is, shaping of which obeys the laws 
representing spatial diagram of contact stresses a similar form of surface the same ramp [3]. In continuum 
mechanics description of the process form changing of material is known as «sand analogy» [4]. 
In this case spatial diagram of contact stresses represents a surface of the same ramp, all the generators of which 
are inclined to the plane of the contact at the same angle. 
The equation of this surface, characterizing the distribution of the generalized pressure P on the plane of the 
contact xy, is as follows [5]: 
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and h – thickness of workpiece, Ĳ – shear stress, ɪ – actual pressure. 
By adding friction conditions and boundary conditions, the system of equations can be considered closed. 
Conditions of friction at this depend on deformation scheme of the metal that in a production environment due 
to the choice of lubricant is largely: 
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where f – coefficient of friction, ıT – limit of plastic. 
Boundary conditions characterize the magnitude of the contact pressures on the contour of the mirror of die 
impression stamp which can be: a) die cavity «dovetail», when a metal with almost no resistance flow into the die 
cavity, or when flowing into the cavity with a draft on initial stage of upsetting; b) die cavity with draft on the next 
stages of deformation, when flowing into the cavity metal due to high friction along the walls resists flowing; c) 
the initial workpiece form in plan. Accordingly, the ratios for the calculation of the boundary contact pressure look 
like this: 
at free flowing into the cavity, 
at labored flowing into the cavity,                                                                               (5) 
at free spreading by die impression stamp. 
 
Here, k(s) – resistance coefficient to 
metal flowing in the die cavity which 
characterizes the geometry of the die 
cavity or other structural elements of the 
stamp as well as the technological features 
of the process of deformation of the metal, 
s – parameter, defining the coordinate 
along the contour (Fig. 1). 
Because any multiply connected circuit 
with sufficient degree of accuracy can be 
approximated by straight lines and 
circular arcs, we can assume that the 
surface of spatial diagram of contact 
stresses consists of flat and conical 
sections. Line of their intersection form 
edges (so-called ridges). 
Frontal and profile projections of these 
edges allow determining the volume of 
diagram the contact stresses and therefore 
the force, required for deforming the 
metal, the horizontal projection (plan 
view) is a dividing line of metal flow, 
which characterizes the metal flow 
distribution on the contact surface. 
It is obvious that dividing line of metal 
flow is the equidistant, i.e. the geometric 
locus of points equidistant from the 
contour of the forging. 
For controlling of metal flows along the bed the forging in processes of metal forming technological recesses or 
cutouts used, which allow preventing the number of defects («cross», unsatisfactory tie of fibers, «a sink mark») 
and also regulating volume distribution of metal over the area of the workpiece. 
In the process of deformation of the workpiece the stream lines distort and by changing the slope of the contour, 
cease to be orthogonal to it. For simplification calculation equations is more convenient to introduce a conditional 
contour [6], in relation to which the streamlines are orthogonal, and identify the dependence of the shape of the 
conditional contour from the shape of diagram of boundary contact pressures. 
If to set a conditional contour by circular arc, which simplifies the mathematical model and consequently also 
formalization the entire problem, it remains to determine which form diagram of boundary contact pressures has.  
Dependence of form conditional contour defined by a circular arc of radius R centered at (ɯ0, ɭ0), from the form 
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Fig. 1. Graphical interpretation of the model: 
1 – contour of workpiece, 
2 – conditional contour, 
3 – flow line, 
4 – dividing line of metal flow, 
5 – boundary contact stresses, 
6 – diagram of boundary contact stresses, 
7 – line of slope, 
8 – spatial diagram of contact stresses
440   Solomonov Konstantin /  Procedia Engineering  81 ( 2014 )  437 – 443 
of the diagram of boundary contact pressures can be expressed by the relation: 
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where k – coefficient, characterizing of form diagram of boundary contact pressures. Here M0 = h/f. 
For ease of analysis, we transform the resulting hyperbolic equation in general form to the canonical form: 
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Then the parameters a = y0/M0 and b = y0 characterize the major and minor semi-axis of the hyperbola, and 
R/M0 and x0 determine the amount of displacement of the center of hyperbole about the origin. 
Thus, if diagram of boundary contact stresses is approximated by hyperbole, the problem of determining the 
parameters spatial diagram of contact stresses is solved analytically. 
For a quantitative estimation formation the workpiece solution of the problem is necessary not only for 
constructing dividing line of the metal flow but for determining the distance from dividing line of the metal flow to 
the contour which determines the length of stream lines, and consequently the quantity of metal flowing through 
the contour. In that case where the contour edges of rigidity limit, this distance determines the amount of metal, 
flowing into the cavity under edges of rigidity. Then the formation problem becomes a finished look. 
Consider the statement of the problem in the scalar form. Let the contour consists of two parts, given an arbitrary 
smooth curve y1(x1) and y2(x2). Position of the line section of the metal flow, characterized by distances LT1, LT2 from it to 
the contour, is determined by two conditions: 
1) of equidistance: LT1 = LT2 = LT; 
2) of orthogonal: )( 111 xyLT A , ).( 222 xyLT A  
Then, for determining the form dividing line of the metal flow we obtain the system of ordinary differential 
equations with respect to x, y, x2: 
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where (x1, y1) – coordinates of the point, specified on the curve y1(x1). 
In general, the solution of this system is very difficult and does not have significant practical matter because 
contour of any forging are generally can be approximated by curves of the second order (circumference, hyperbola, 
parabola). 
In particular, the distance from dividing line of the metal flow to contours in form in the circles of radius R1 and 
R2, with the centers at a distance L, is determined from the relationship: 
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Here for calculating LT is enough to choose only value of the angle LT, which determines the position of a point on 
the contour. 
 
4. Description of the program complex 
 
On the basis received algorithm is designed software complex PARSHTAMP, that allows you to construct: 
contour of the forging (a), dividing line of metal flow (b), pattern of the flow metal (c), profile of stiffener (d), 
spatial diagram of contact stresses (e) and solve the problem of optimizing (f) the combination of technological 
openings and recesses through which you can control the flow of metal (Fig. 2). Although substantially all of the  
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Fig. 2. Abilities of developing software complex. 
 
 
theoretical issues have been resolved, however the software implementation meets a number of difficulties in 
connection with which the last three blocks of the program are being finalized. 
Presented software complex consists of three main programs implementing solution of the static, kinematic and 
dynamic problems. Solution of the static problem is consistent with the principle of the shortest normal, according 
to which the metal to the contact plane flows along streamlines directed orthogonally to the contour of the forging. 
In this case dividing line of the metal flow is equidistant to contour of forging. Solution of kinematic problem 
based on the principle of least perimeter, through which the radial flow scheme of metal can be adopted, 
characterized in that streamlines are orthogonally directed to some arbitrary curve, which is a level line on the 
surface of the contact pressures. Dynamic problem reduces to the construction spatial diagram of contact stresses 
representing a combination of conical and surfaces of polyhedrons. Moreover, in projection on the plane of contact 
edge of this surface lines of section of the metal flow are and slope line – streamlines.  
For several serial forgings simulation results of metal flow pattern throughout bed workpiece are obtained (Fig. 
3), which is determined mainly by dividing line of the metal flow position. 
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Fig. 3. Pattern of metal flow for the serial forgings.
 
5. Comparison of calculation results 
 
For simulation spatial diagram of contact stresses and dividing line of the metal flow widely acclaimed graphics 
editor COMPAS can also be used, because «squirting» of the solid model in this graphic package is made so that 
all the generative obtained surface are inclined at the same angle to the plane of the contour. Consequently, the 
solid model – is a surface of the same slope, similar in shape spatial diagram of contact stresses. During the 
transition to drawing horizontal projection of this model reproduces the shape dividing line of the metal flow. 
Comparison of the results obtained in COMPAS and developed by us software complex, shows good coincidence 
with the physical experiment (Fig. 4). 
 
(ɚ) (b) (c)
Fig. 4. Results of simulation. (a) in COMPAS, (b) in developing software complex, (c) in industrial environments.
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Completion PARSHTAMP is to debugging the last three blocks of the software complex: calculating and 
imaging of profile edges of rigidity at all stages of upsetting workpiece; construction of spatial diagram of contact 
stresses; solving the optimization problem of combination and the location of technological components. 
For full automation simulation and predicting of the plastic material forming in processes of bulk forming and 
forging, as well as solution of design and technological problems by developing modification of the software 
complexes is suitable, representing the creation of three additional blocks: intellectual, implemented in the form of 
an expert system; infological, consisting of databases on the enterprises, processes and materials, and equipped 
with the appropriate database administration system; electronic libraries, filled with information of design and 
technology plan. 
 
6. Conclusions 
 
Widely-oriented and narrowly-oriented program complexes complement each other. Widely-oriented designed 
for decision of complex technological and design problems with a wide range of simulated metal forming 
processes, a large number of defined parameters as close as possible to the real conditions of production. They 
require, as a rule, considerable financial and human resources. Specialized (such as the developing program 
complex) are very limited in their ability to simulating of technological processes, however, allow to quickly get 
the results, are easy to learn and use and do not require great expenses at their implementation. 
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